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TRANSIENT SUPPRESSION APPARATUS FOR POTENTIALLY EXPLOSIVE 

ENVIRONMENTS 

BACKGROUND OF THE INVENTION 

[0001] The present invention is directed to transient suppression devices, in general, and 
more particularly, to transient suppression apparatus coupleable in series v^ith an electrical 
pathway into a potentially explosive environment for limiting current, voltage and energy to 
levels considered safe for such environments, and to systems utilizing such apparatus. 
U [0002] An aircraft fiiel measurement or indication system is an example of a system 
.li which utilizes transient suppression devices for limiting current, voltage and energy mto a 
!:i potentially explosive environment. In such a system, sensors are disposed at or in the fuel 

tank of the aircraft and a sensor excitation system remote from the tank generates excitation 
r signals over electrical pathways to the sensors for measuring the quantity of fuel in the tank, 
j^^ Currently, there are many different types of sensors, comprising capacitive, inductive and/or 
Q resistive elements, for example, and different types of excitation signals needed to excite 
!□ these sensors, Uke altemating current (AC), direct current (DC) and/or pulsed excitation 
^•^'^ signals, for example. Because of these differing system applications, the transient suppression 
solutions therefor need to accommodate differing levels of current, voltage and energy 
protection. 

[0003] In addition, recent new requirements have been specified to insure aircraft safety, 
specifically associated with fixel tank safety which is considered a potentially explosive 
environment. These requirements apply to multiple threat and failure conditions that could 
impose unsafe levels of energy, voltage and current into the potentially explosive fiiel tank 
environment if left improtected. Existing transient suppression devices which are disposed in 
the electrical pathways use magnetic isolation, such as inductors and/or transformers and 
band pass circuit filtering, for example, to limit the current, voltage and energy parameters of 
the electrical pathways to the fuel tank. While an adequate solution, each transient 
suppression device needs to be tailored or designed for a specific application or group of 
similar applications in order to accommodate the level of current, voltage and energy 
protection required therefor while maintaining the level of sensitivity of an existing solution 
at normal operation taking into account parasitic components of the electrical pathways. 
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Accordingly, there is no known existing transient suppression solution that may be 
universally used for the many different types of sensor/system applications and requirements 
therefor. 

[0004] The present invention intends to overcome the drawbacks of the existing transient 
suppression devices and systems utilizing the same by offering substantially universal 
transient suppression apparatus which will provide the specified protection with different 
types of sensors and sensor excitation signaling and not be subject to the level of sensitivity 
that the existing solutions have at normal sensor measurement operation. 



SUMMARY OF THE INVENTION 

[0005] In accordance with one aspect of the present invention, transient suppression 
apparatus, which is coupleable in series with an electrical pathway into a potentially 
explosive environment for Umiting current, voltage and energy thereto, comprises: aii 
impedance element coupleable in series with the electrical pathway to conduct current to the 
potentially explosive environment, the current causing a voltage potential across said 
impedance element; at least one first semiconductor element coupled to the impedance 
element in series with the current path upstream of the impedance element, the at least one 
first semiconductor element operative to impose a resistance to the current of the electrical 
pathway governed by the voltage potential across the iinpedance element; and at least one 
second semiconductor element coupled to the impedance element in series with the current 
path downstream of the impedance element, the at least one second semiconductor element 
operative to impose a series resistance to the current of the electrical pathway governed by 
the voltage potential across the impedance element. 

[0006] In accordance with another aspect of the present invention, a system for 
determining a quantity of fuel in a container comprises: at least one sensor disposed at the 
container for sensing a quantity of fuel in the container; sensor excitation system coupled to 
each of the at least one sensor through an electrical pathway for providing an excitation 
signal thereto; transient suppression apparatus as described directly above disposed in series 
with each electrical pathway for limiting current, voltage and energy to the container. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Figure 1 is an exemplary system application of an embodiment of the present 
invention. 
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[0008] Figure 2 is a circuit schematic of a transient suppression device suitable for 
embodying the present invention. 

[0009] Figure 3 is a graph illustrating the impedance characteristics of a semiconductor 
device suitable for use in the embodiment of Figure 2. 

[00010] Figure 4 is circuit schematic of an altemate transient suppression device suitable 
for embodying the present invention, 

DETAILED DESCRIPTION OF THE INVENTION 

[000 11] The present embodiment of the invention is described, by way of example, in 
connection with a fuel quantity measuring system for one or more aircraft ftiel tanks such as 
that shown by the illustration of Figure 1. However, it is understood that this fuel 
measurement system is but one example of a potentially explosive environment and that there 
are many other such environments that are just as suitable for embodying the present 
invention. Therefore, the transient suppression apparatus of the present invention should not 
be limited to any specific potentially explosive environment, but rather intended for use in all 
possible environments which are potentially explosive by nature. 

[00012] Referring to Figure 1, the system 10 as illustrated is intended for use on-board an 
aircraft which includes at least one fuel tank 12 having a quantity of aircraft fuel 14. At least 
one sensor is disposed at or in the fuel tank 12 for measuring the quantity of the fuel 14 
therein. In the present embodiment, a plurality of sensors SI, S2, . . . , Sn, which may include 
capacitive elements are disposed in the fuel tank 12 for measuring the fuel quantity therein. 
While capacitive type sensors are used for describing the present embodiment, it is 
understood that inductive or ultrasonic pulse or a combination of sensor types may be used 
just as well. A conventional sensor excitation system 16 is disposed at a remote location from 
said fuel tank and is operative to generate excitation signals which are conducted to each 
sensor SI, S2, . . Sn over respectively corresponding electrical pathways PI, P2, . . Pn 
which are coupled respectively to the sensors SI, S2, . . ., Sn. The excitation signals may be 
any one of the group of signals comprising AC, DC and pulsed excitation signals depending 
on the type of sensor being excited thereby. Transient suppression devices TSDl, TSD2, . . ., 
TSDn are disposed respectively in series with each pathway PI, P2, . , ., Pn for limiting 
current, voltage and energy to the container 14 from each such pathway. 
[00013] A suitable embodiment of a transient suppression device (TSD) in accordance 
with the present invention is shown in the circuit schematic of Figure 2. The TSD of Figure 2 
is coupleable in an electrical pathway as described in connection with the exemplary 
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embodiment of Figure 1. In the present example, the electrical pathway includes a supply 
path 20 and a return path 22 over which current 18 may be conducted between the system 16 
and sensor Si (i being 1, 2, . . , or n). Referring to Figure 2, an impedance element 24 is 
coupleable in series with the path 20 of the electrical path to conduct current into the 
electrically explosive fuel environment of the fiiel tank 12. The current conducted to the tank 
12 causes a voltage potential across the impedance element 24. In the present embodiment, 
the impedance element comprises a resistive element, but it is understood that other 
impedance elements or combinations thereof could also be used in certain applications. At 
least one semiconductor element 26, which may be a field effect transistor (FET), for 
example, is coupled to the impedance element 24 in series with the current path 18 upstream 
of the impedance element 24. In this embodiment, only one semiconductor element 26 is 
used. An embodiment using more than one semiconductor element or a plurality will be 
described herein below in connection with the circuit schematic of Figure 4. 
[00014] More specifically, in Figure 2, the FET 26 has its current channel S-D connected 
in series with the impedance element 24 in the path 20 and its gate G connected to a circuit 
node 28 at the downstream side of the impedance element 24. Accordingly, the voltage 
potential across the impedance element 24 is what governs the resistance of the current 
channel of the FET 26 which is in series with the electrical pathway. The resistance to 
voltage characteristics of the FET 26 are exempUfied in the graph of Figure 3. Referring to 
the graph of Figure 3, note that as the channel to gate voltage of the FET (which is the 
voltage potential across the impedance element 24) varies at a first or positive polarity, the 
resistance of the current channel of the FET varies proportionately therewith as shown by the 
solid line 30 until it reaches a substantially open circuit condition at the voltage differential 
shown by the dashed line 32. However, at aroimd zero differential voltage or differential 
voltages at a second or negative polarity, the resistance of the current channel remains 
substantial low. A positive polarity of vohage potential for the present example refers to 
current 18 in a direction firom left to right or upstream to downstream through the impedance 
element 24 and a negative polarity of voltage potential would refer to current in the reverse 
direction. 

[0001 5] Referring back to the schematic of Figure 2, another at least one semiconductor 
element 34, which may also be an FET, for example, is coupled to the impedance element 24 
in series with the current path 18 downstream of the impedance element 24 at node 28. Thus, 
the current channel S-D of the FET 34 is connected in series with the impedance element 24 
in the path 20 and its gate G connected to a circuit node 36 at the upstream side of the 
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impedance element 24. Accordingly, the voltage potential across the impedance element 24 
also governs the resistance of the current channel of the FET 34 which is in series with the 
electrical pathway. The resistance to voUage characteristics of the FET 34 may also be 
exempUfied by the graph of Figure 3 except now the polarity is reversed. That is, as the 
channel to gate voltage of the FET 34 (which is the voltage potential across the impedance 
element 24) varies at a second or negative polarity, the resistance of the current channel of 
the FET 34 varies proportionately therewith as shown by the solid line 30 until it reaches a 
substantially open circuit condition at the vohage differential shown by the dashed line 32. 
However, at around zero differential voltage or differential voltages at a first or positive 
polarity, the resistance of the current channel remains substantial low. 
[00016] Also, in the embodiment of Figure 2, one or more series connected voltage 
potential surge suppression elements 38 and 40 may be coupled in parallel with the electrical 
pathway across paths 20 and 22 upstream and downstream of the TSD circuit described 
herein above, respectively. The surge suppression elements 38 and 40 may be of the type 
manufactured by Microsemi bearing model number SMCJ170CA, for example., which are 
capable of protecting the TSD against voltage surges of up to approximately 200 volts each 
or 600 volts if three (3) in series are used, for example. Also, the semiconductor elements 26 
and 34 may be metal oxide semiconductor field effect transistors (MOSFETs) of the type 
manufactured by Lifineon bearing model number BSP-149, for example, which are capable 
of withstanding blocking voltages of approximately 200 volts each, for example. 
[00017] Prior to installation of the TSD into its designated electrical pathway, the 
impedance element 24 is selected based on the particular sensor and sensor excitation signal 
which it will accommodate under normal operating conditions. This impedance should be 
small enough so as to effect a voltage drop across element 24 which does not affect 
appreciably the sensor measurement under normal operating conditions, but large enough to 
effect a voltage drop which will maintain the transistors 26 and 34 biased "on" under such 
conditions. For most applications, a resistance of on the order of one hundred ohms (lOOfi), 
for example, may be used for the impedance element. When biased "on", the transistors 26 
and 34 each provide a small series resistance in the current pathway as illustrated by the 
exemplary characteristics of Figure 3. The series resistance of the transistors 26 and 34 and 
the resistance of the element 24 should be selected so as to not affect the performance of the 
sensor measurements or system operation under normal operating conditions. 
[00018] When a TSD is disposed in an electrical pathway to a potentially explosive 
environment, if an external threat, such as a lightning induced voltage, electromagnetic 



{CAH3197.DOC;l} 



5 



Expr^iPailNo.: EL085013254US 
21220/04097 - GR 201FU469 

interference (EMI) induced energy or the like, for example, or a failure of the electrical 
pathway to a power line which may be 1 15V, 400 Hz or 28 VDC, for example, or a latent 
failure condition that may emulate a current or voltage path to ground potential in the fuel 
tank should occur, the TSD will regulate and limit the current, voltage and energy to the 
environment to specified safe levels. During a threat or failure condition, an increase in the 
current 18 through the element 24 will cause a voltage potential across element 24 that 
governs at least one of the transistors 26 and 34 to start to shut "off, i.e. become blocking or 
non-conducting, which increases the series resistance thereof to the current path. Under such 
abnormal conditions, the transistors 26 and 34 act as non-linear resistors which regulate the 
current into the potentially explosive environments, or in the case of the present embodiment, 
l^j, the aircraft fuel tank 14. This current into the potentially explosive environment remains 
Q limited to safe levels by the TSD even in the face of increasing extemal voltage or current 
,p threats. For example, the energy and current may be limited to less than 200 microjoules (ixJ) 
I^j of energy and 20 miUiamps (mA) of current into the fuel tank or environment in some cases. 
1?^ Also, each transistor is capable of blocking voltages of on the order of 200 volts, for example. 
r^ Abnormal voltage may be also limited by the surge suppression elements 38 and 40 to 
yl voltage levels of 600 volts, for example, where three such devices in series are used. 
^ [00019] The TSD operates in response to threats and failures inducing increasing current 

CJ 18 of both positive and negative polarities. For example, as the current 18 is increased 

fit 

abnormally with the first or positive polarity, the series resistance of transistor 26 is govemed 
to increase by the polarity of the voltage potentially induced across the element 24 and thus, 
regulates current 18 to safe levels. The resistance of the transistor 34 remains at a relatively 
low value because the voltage potential across the element 24 govems the transistor 34 with 
the reverse polarity to that of the transistor 26 (refer to Figure 2). Also, as the current 18 is 
increased abnormally with the second or negative polarity, the series resistance of transistor 
34 is govemed to increase by the polarity of the voltage potential across element 24 and thus, 
regulates current 18 to safe levels. The resistance of the transistor 26 remains at a relatively 
low value because the voltage potential across the element 24 govems the transistor 26 with 
the reverse polarity to that of the transistor 34 (refer to Figure 2). 
[00020] Note that each of the transistors 26 and 34 of the embodiment of Figure 2 is 
intended to represent one or more semiconductor elements each of which being operative to 
vary its blocking resistance to current 18 of the corresponding electrical pathway in response 
to a variation of the voltage potential across the impedance element 24. The blocking 
resistance of the at least one semiconductor element represented by element 26 is varied by a 
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voltage potential across the element 24 of a first or positive polarity and the blocking 
resistance of the at least one semiconductor element represented by element 34 is varied by a 
voltage potential across the element 24 of a second or negative polarity. A suitable 
embodiment for a TSD having a plurality of semiconductor elements both upstream and 
downstream of the impedance element 24 is illustrated in the circuit schematic of Figure 4. 
[00021] Referring to Figure 4, the plurality of semiconductor elements represented by 
transistor 26 comprises field effect transistors Q1-Q4 which have their current channels 
coupled in series upstream of the element 24 between the input of the path 20 of the TSD and 
the node 36, Q4 being coupled to node 36 and Ql being coupled to the input node. The gate 
of transistor Q4 is coupled directly to node 28 and the gates of transistors Ql through Q3 are 
1^1^ coupled to node 28 through resistors RIO, R9 and R2, respectively. Voltage potential limiting 
y circuit elements ZIO, Z9 and Z2 are coupled respectively, anode-to-cathode, between the 
,p gates and current channels of transistors Ql through Q3. The circuit elements ZIO, Z9 and Z2 

may be conventional transient suppression type zener diodes capable of limiting voltage 
■J^ potentials of on the order of fifteen (15) volts, for example. Also in Figure 4, the plurality of 
semiconductor elements represented by transistor 34 comprises field effect transistors Q5-Q8 
j^s, which have their current channels coupled in series downstream of the element 24 between 

j^i the output of the path 20 of the TSD and the node 28, Q5 being coupled to node 36 and Q8 

'"'I 

p being coupled to the output node. The gate of transistor Q5 is coupled directly to node 36 and 



m 



the gates of transistors Q6 through Q8 are coupled to node 36 through resistors R16, R13 and 
Rl 1, respectively. Voltage potential limiting circuit elements Z16, Z13 and Zl 1 are coupled 
respectively, anode-to-cathode, between the gates and current channels of transistors Q6 
through Q8. The circuit elements Z16, Z13 and Zl 1 may be conventional transient 
suppression type zener diodes capable of limiting voltage potentials of on the order of fifteen 
(15) volts, for example, 

[00022] Accordingly, the channel resistances of transistors Q1-Q4 which may be 
MOSFETs, for example, are operational to block abnormal currents 18 which induce a 
positive polarity voltage potential across element 24 and thus, block abnormal voltages of a 
positive polarity and limit the current, voltage and energy to the potentially explosive 
environment under adverse threat and failure conditions. Likewise, the channel resistances of 
transistors Q5-Q8 which also may be MOSFETs, for example, are operational to block 
abnormal currents 18 which induce a negative polarity voltage potential across element 24 
and thus, block abnormal voltages of a negative polarity and limit the current, voltage and 
energy to the potentially explosive environment under adverse threat and failure conditions. 
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The zener-resistor pairs ZIO-RIO, Z9-R9 and Z2-R2 protect the channel to gate junctions of 
transistors Ql, Q2 and Q3 respectively, by limiting the voltage potential thereacross. 
Similarly, zener-resistor pairs Z16-R16, Z13-R13 and Zl 1-Rl 1 protect the channel to gate 
junctions of transistors Q6, Q7 and Q8 against over voltage in the same manner, hi an 
operating environment in which a large amount of EMI is anticipated, some additional EMI 
filtering may be added to the transient suppression circuit at both the input and output thereof. 
[00023] While the present invention has been described by way of example in connection 
with one or more embodiments herein above, it is understood that it should not be limited in 
any way, shape or form to such embodiments. Rather the present invention should be 
construed in breadth and broad scope in accordance with the recitation of the appended 
claims. 
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